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1	Introduction
At the RAN2#115-e meeting, it was agreed that 
1. [bookmark: _Hlk84249349]Events that trigger a termination or failure of an ongoing SDT session 1) cell reselection, 2) expiry of the SDT failure detection timer, 3) when Max retx is reached in RLC.  RLC AM max retransmission functionality remains unchanged.  
2. When a UE detects a failure of an ongoing SDT session, UE transitions autonomously into RRC_IDLE (as baseline solution).   If time allows or have a ready solution we can consider further optimizations.

After the last RAN2#116-e meeting, no agreements of which solution to handle non-SDT data during an ongoing SDT procedure was made. This contribution discusses cell reselection during ongoing SDT procedure as well as other unresolved topics such as
· SDT failure timer
· Fallback/switch
· RNA update
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Toc54265597][bookmark: _Hlk70947629]2.1	SDT Failure timer
It has been agreed that the timer is started when the RRCResumeRequest is transmitted and the open issue is whether it should be re-started upon retransmissions, subsequent data transmissions or reception of DL data. The purpose of the timer is to detect failure of the SDT procedure.
The SDT failure detection timer has been discussed in RAN2#113bis-e where it was agreed that T319 stop conditions are also valid for this new timer. It was also agreed that RRC Reestablishment procedure is not supported for SDT. This implies that the UE actions upon SDT failure detection timer is to go to idle. 
The operation of the timer with respect to restarting was further discussed in [Post113-e][503] and captured in [1]. In case the option of not restarting the timer is selected, this implies that the timer setting must take worst-case scenarios into account in order not to expire before a successful SDT procedure is completed. This means for the RA-SDT case that it must allow time for subsequent transmissions and the maximum possible number of retransmissions, by both HARQ and RLC. This means that a longer timer setting would be needed than if it is restarted at every transmission. On the other hand, the RA-SDT procedure should be rather short so even if it is not restarted, it would be possible to configure the timer to detect failures in an efficient way. 
For the case of CG-SDT it is more complicated. As for the RA-SDT case, we believe that the procedure will be relatively short, typically one or a few subsequent transmissions and possibly retransmissions before the procedure ends. Since no explicit L1 Acks are agreed, if the gNB does not detect the RRCResumeRequest, the gNB may not know that the UE has initiated the CG-SDT procedure. If the SDT failure timer is restarted upon every UL transmission the timer will not expire if the UE has data to transmit. In this case, the timer is not useful for failure detection. In case explicit L1 Acks are agreed, the situation is different as this error case will not happen.
[bookmark: _Toc92789752][bookmark: _Toc92793275]The design of the CG-SDT failure timer depends on what feedback is available
The SDT failure timer needs to work for both RA-SDT and CG-SDT and be robust with respect to catching SDT procedure failures. We believe this is always the case when the timer is not restarted. We therefore propose
[bookmark: _Toc84251777][bookmark: _Toc84252557][bookmark: _Toc84855386][bookmark: _Toc85012921][bookmark: _Toc84251778][bookmark: _Toc84252558][bookmark: _Toc84855387][bookmark: _Toc85012922][bookmark: _Toc92793279]The SDT failure timer should not be restarted upon UL transmissions.
2.2	Fallback and switching scenarios
The following agreements were reached in previous meetings with respect to fallback and switching:
· Events that trigger a termination or failure of an ongoing SDT session 1) cell reselection, 2) expiry of the SDT failure detection timer, 3) when Max retx is reached in RLC.  RLC AM max retransmission functionality remains unchanged.  
· When a UE detects a failure of an ongoing SDT session, UE transitions autonomously into RRC_IDLE (as baseline solution).   If time allows or have a ready solution we can consider further optimizations.
· The fallbackRAR reception as legacy 2-step RACH is supported in 2-step RA-SDT, i.e., fallback from 2-step RA-SDT to 4-step RA-SDT when fallbackRAR is received
· As legacy, UE can be configured to switch from 2-step RA-SDT to 4-step RA-SDT after N times of MsgA transmission
· Switching from SDT to non-SDT via RAR/fallbackRAR/DCI sent by network is not supported for RA-SDT
· MAC PDU rebuilding is not required (unless we find a case that is needed)

There are still several open issues regarding fallback and switch logic that a UE should follow either due to failure detection or on command from the network.
It has been agreed that the reception of RRCResume triggers the switch from SDT to non-SDT procedure. More precisely the UE moves to RRC_CONNECTED and continues the data transfer as in legacy in this RRC state. 
Another case where the switch from SDT to non-SDT may be supported is when a maximum number of attempts have been reached. In legacy, when this happens for the RACH procedure, the UE typically declares the procedure as failed, with a corresponding indication from MAC to upper layers, and then the UE executes the actions for Radio Link Failure which lead to a switch to RRC_IDLE. There is no reason to change this behaviour for RA-SDT, especially considering that we should aim to maintain the two procedures as similar as possible. Furthermore, a direct switch from RA-SDT to legacy RACH would require the rebuilding of the MAC PDU since the TBSs for the two Msg3s/MsgAs would be likely different, and it has been agreed that MAC PDU rebuilding is not required unless later considered needed for some use cases. For these reasons once a maximum number of attempts has been reached for RA-SDT, the UE should just declare the procedure as failed as in legacy.
[bookmark: _Toc92793276]Switch from RA-SDT to legacy RACH normally requires a MAC PDU rebuilding
[bookmark: _Toc92793277]MAC PDU rebuilding is not required for a correct function of the procedure
[bookmark: _Toc78879363][bookmark: _Toc92793280]Switch from RA-SDT to legacy RACH is not supported. The UE instead declares the RA-SDT as failed similarly to legacy RA procedure.
The UE should declare RA-SDT as failed with similar conditions with respect to the legacy RACH procedure. This includes, but it is not limited to, maximum number of attempts reached.
[bookmark: _Toc92793281]UE declares RA-SDT failed when the maximum number of UL initial transmissions is reached
Depending on the outcome of CG-SDT discussion, it might be possible that the UE attempts the procedure multiple times. Moreover, a further FFS is related to the possibility to have CG to RA-SDT switch. A failure of CG-SDT might happen for various reason and seems more likely than a failure of the RA-SDT procedure. For this reason, it might be useful if the UE tries the RA-SDT before declaring the procedure failed. The UE may then restart the whole SDT procedure after disabling the CG configuration that previously failed. In this way the UE may either attempt the RA-SDT or initiate the legacy RACH based on the information and evaluation available at that moment.
[bookmark: _Toc78879364][bookmark: _Toc92793282]On the failure of the CG-SDT procedure, the UE releases the CG configuration that failed and restarts the whole SDT procedure (i.e.: re-evaluates the conditions to decide which procedure to initiate)
[bookmark: _Toc78879365][bookmark: _Toc92793283]A direct switch from CG-SDT to RA-SDT is not allowed, but may happen indirectly by restarting the whole procedure on CG-SDT failure
Finally, it was agreed that the UE terminates/declares the ongoing SDT procedure as failed, which leads to the UE moving to IDLE, if the following conditions apply:
· Cell reselection
· Expiry of the SDT failure detection timer
· When the maximum number of retransmissions is reached in RLC
Similar conditions exist also for legacy UE performing the resume procedure. Once the failure is declared, the UE performs the actions in Section 5.3.1.1 (TS 38.331) before moving to RRC_IDLE. It should be clarified that a UE performing SDT should have the same behaviour unless there is a good reason not to do that. Moreover, in addition to such actions, the UE should suspend the SDT Radio Bearers.
[bookmark: _Toc92793284]After the termination/failure of SDT procedure, before moving to RRC_IDLE, the UE performs the actions listed in Section 5.3.11 (TS 38.331) and suspends all SDT Radio Bearers
2.3	Cell re-selection
In RAN2#115-e, it was agreed that the baseline solution is that the UE transitions autonomously into RRC_IDLE when a cell reselection occurs during an ongoing SDT procedure.
The occurrence of cell reselection during the legacy Resume procedure would be a rather uncommon situation. However, the likelihood of cell reselection during a SDT procedure may be higher, considering that an SDT procedure may have subsequent transmissions and therefore continue for a longer time than a legacy Resume procedure. As discussed in [2], the gain of doing subsequent transmissions within the same SDT procedure is limited to special cases. Since the number of additional transmissions will be under gNB control it can be assumed that a larger number of subsequent transmissions will be uncommon and therefore the likelihood of cell re-selection during an ongoing SDT procedure may be in the same order as for a normal Resume procedure. Irrespectively if this assumption is true or not it could be beneficial to have a simple mechanism to avoid sending the UE to Idle, thereby avoiding the extra latency from transitioning to Idle and doing an RRC Connection establishment in the new cell. On a high level, this could be achieved by stopping the ongoing SDT procedure and initiate a new SDT procedure on the new cell when a cell re-selection is triggered during an ongoing SDT procedure.
In this option, the UE would remain in Inactive and the procedure would be initiated again on the newly selected cell. This case would require significant specification work e.g. to specify context and security handling. Due to the limited time left for specification work, it might be best to postpone the discussions for coming releases since it could result in a shorter latency. An example of how the procedure could work is depicted in Figure 1. The main steps of the procedure are:
When cell reselection is performed during an ongoing SDT session:
1. A new RRCResumeRequest is sent to the new cell. 
2. The I-RNTI will be the same as in previous RRCResumeRequest. The old anchor node is aware it has already sent the UE context to a new cell and forwards the Retreive UE Context Request to the cell to which the UE Context was sent.
3. The Resume MAC-I is computed using the new targetCellIdentity and results in a new Resume MAC-I value.
4. New Keys are generated. FFS what is used for authentication and for data.
5. The PDCP SN is not reset for SDT DRBs. This is to avoid data loss.

[image: ]
[bookmark: _Ref76389881]Figure 1 Example of procedure to keep SDT procedure during cell reselection.
For Rel. 17, we think it is questionable if time will permit to spend time on further discussion of this approach. However, it should be noted that the procedure is based on the CCCH approach proposed for arrival of non-SDT data during ongoing SDT procedure. So, if this option is agreed, the additional work to specify the procedure where the UE can remain in RRC Inactive would be manageable. For a DCCH based solution for non-SDT data arrival, additional considerations are needed.

[bookmark: _Toc92793278]A CCCH based approach can be used both for cell re-selection and non-SDT data arrival during ongoing SDT procedure with limited specification impact.
[bookmark: _Toc92789763][bookmark: _Toc92793285]Consider the above procedure for cell reselection during ongoing SDT procedure in the work for defining a solution for non-SDT data arrival.
2.4	RNA update during ongoing SDT procedure
The procedure for handling the situation when T380 times out during an ongoing SDT procedure has been discussed in [3] and [4]. In legacy, the timer is started upon reception of RRCRelease and stopped upon reception of RRCResume, RRCSetup or RRCRelease. It should be noted that there are no specific actions in the case when an RNA update is triggered during an ongoing legacy Resume procedure, i.e. after the UE has sent a legacy RRCResumeRequest. However, this may be seen as a very unlikely case compared to the case where a RNA update is triggered during an ongoing SDT procedure, given its possibly longer duration. We think that the behaviour should be specified for SDT. A reasonable behaviour would be to 
· For SDT, stop the T380 timer upon transmitting the RRCResumeRequest to prevent the UE to trigger the RNA update procedure during the ongoing SDT procedure. 

The timer should then 
· ”remain stopped”  when the UE is released to idle or moved to connected (as in legacy). 
· The timer should be restarted if the UE receives an RRCReject or RRCRelease with suspend config since in these cases the UE will remain in inactive.

We give the following proposals:
[bookmark: _Toc92793286]For SDT, the T380 timer is stopped upon transmitting the RRCResumeRequest.
[bookmark: _Toc92793287]For SDT, the T380 timer is restarted if the UE receives an RRCReject or RRCRelease with suspend config.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	The design of the CG-SDT failure timer depends on what feedback is available
Observation 2	Switch from RA-SDT to legacy RACH normally requires a MAC PDU rebuilding
Observation 3	MAC PDU rebuilding is not required for a correct function of the procedure
Observation 4	A CCCH based approach can be used both for cell re-selection and non-SDT data arrival during ongoing SDT procedure with limited specification impact.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The SDT failure timer should not be restarted upon UL transmissions.
Proposal 2	Switch from RA-SDT to legacy RACH is not supported. The UE instead declares the RA-SDT as failed similarly to legacy RA procedure.
Proposal 3	UE declares RA-SDT failed when the maximum number of UL initial transmissions is reached
Proposal 4	On the failure of the CG-SDT procedure, the UE releases the CG configuration that failed and restarts the whole SDT procedure (i.e.: re-evaluates the conditions to decide which procedure to initiate)
Proposal 5	A direct switch from CG-SDT to RA-SDT is not allowed, but may happen indirectly by restarting the whole procedure on CG-SDT failure
Proposal 6	After the termination/failure of SDT procedure, before moving to RRC_IDLE, the UE performs the actions listed in Section 5.3.11 (TS 38.331) and suspends all SDT Radio Bearers
Proposal 7	Consider the above procedure for cell reselection during ongoing SDT procedure in the work for defining a solution for non-SDT data arrival.
Proposal 8	For SDT, the T380 timer is stopped upon transmitting the RRCResumeRequest.
Proposal 9	For SDT, the T380 timer is restarted if the UE receives an RRCReject or RRCRelease with suspend config.
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